Abstract: A numerical model analysis was performed to analyze the stability of the mooring lines of an automatic submersible fish cage system in waves and currents. The fish cage system consisted of a 12-angled rigid frame, net cage, cover net, 12 upper floats, 12 tanks(for fixed and variable ballast), mooring lines, anchors, and a control station. Simulations were performed with the cage at the surface of the water and at a depth of 20 m. A Morison equation type model was used for simulations of the system in two configurations. The force parameters described both regular and random waves, with and without currents, and their values were input to the model. Mooring tension calculations were conducted on the mooring lines, grid lines and lower bridle lines of the cage. The stability of the mooring lines was checked under both static and dynamic conditions.
Introduction
The development of offshore fish cage technology has recently been driven by the limits to expansion being faced by aquaculture production in the near shore and semi-enclosed bays of Korea [1] . However, offshore sites have their own challenges, including increased wave action, which may cause damage to the cages and fish to become stressed; potential conflict with shipping lanes; and the possible lack of access to service the farms during adverse conditions, especially weather. Thus, an automatic submersible fish cage system which can move vertically within the water column via adjustments of the weight and buoyancy of the cage with an automatic control system has been developed. The submerging performances of the variable ballast tank for the cage and the submersible cage system have previously been reported by Kim et al.[3, 4] . In addition, Kim[5] conducted a numerical analysis on the motions of 한국마린엔지니어링학회지 제35권 제5호, 2011. 7 / 691 the submersible fish cage system. A numerical model study was conducted to investigate the mooring tension acting on the mooring lines, grid lines and lower bridle lines of an automatic submersible cage system. Especially, the geometry of submerged bridle lines, which are set in the water to maintain the necessary angles and tension or strain on the lines, depends on the depth of the line below the surface(submerged midwater depth). The system was analyzed using a spread mooring configuration with four anchor legs.
The numerical model used the Finite Element Analysis approach described in Tsukrov et al. [6, 7] .
The objectives of this study were to determine the mooring tension response of the cage system at two locations within the water column. A numerical model was constructed, with simulations performed and responses obtained.
Materials and methods

Structure of submersible fish cage system
The automatic control system of the fish cage monitors environmental parameters, such as the wave height and wind speed, so the cage can be 
Numerical model
Numerical model simulations were performed using a finite element computer program developed specifically for marine aquaculture applications, Aqua-FE. The program has been described in Tsukrov et al.[6, 7] . Wave and current loadings on the truss and buoy elements were introduced by utilizing the Morison equation [8] . The algorithm employs a nonlinear Lagrangian formulation to account for large displacements in the structural elements. In addition, the unconditionally stable Newmark direct integration scheme was adopted to solve the nonlinear equations of motion. The hydrodynamic forces on the structural elements were calculated using the Morison equation, modified to account for the relative motion between the structural element and the surrounding fluid, as described by Haritos and He [9] .
The numerical model requires all of the geometric and material properties of the fish cage and mooring system to be prescribed. The parameters included the mass density, Young's modulus and cross sectional area of each element Tables 1 and 2 , the model representation of the components was determined, with the results provided in Tables 3 and 4 . 
Data analysis
Regular wave tests were conducted, using numerical modeling methods, for the load cases provided in Table 5 . The environmental forcing input into the numerical model also consisted of an irregular wave profile. To obtain an irregular wave profile in the numerical routine, a spectrum was decomposed into multiple frequency components.
The spectrum chosen was a form of the JONSWAP spectrum [11] . The data processing was provided in a past study by Kim [12] . 
Cage motion response locations
Results and discussion
The first set of numerical model simulations was Once the static and regular wave tests had been completed, the random wave tests were conducted, with and without the 1.0 m/s superimposed current, for both the surface and submerged configurations.
Simulations were performed using the JONSWAP wave spectrum, with and without the superimposed, co-linear current. Examples of the time series results for the simulations, with and without current, are shown in Figure 8 . Next, using the time series results, the spectral representation of the wave input, the tension responses were calculated.
The tension spectral results of the random wave simulations, without a current, are provided in Figure 9 . The tension response in the mooring system was also investigated for both the surface and submerged configurations, both with and without a current. The significant tension response of the submersible fish cage system is shown in The maximum values from the time series were identified, and provided in Table 8 Table 3 was checked on the basis of the tensile strength of the Spectra rope [13] . Assuming a safety factor of 1.25[14] , the maximum tensions in Table 8 were recalculated, and found to be 
Conclusion
The results of the mooring tension response for an automatic submersible fish cage system were obtained using the results from a numerical model.
Simulations of the system were conducted using a 
